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ABSTRACT
Thousands of pottery sherds have been excavated by the Cincinnati Museum Center from
the Hahn Site (Ohio Archaeological Site #33HA10), located near Newtown, Ohio. These
potsherds, created by Native Americans, show a variety of temper materials, including fragments
of limestone, shell, grog, and rock debris from glacial outwash. To better understand changes in
the pottery-making technique, transitions and advancements in temper material, and possible
economic and trade indicators, ceramic petrography and geochemical analyses were used to
determine temper variability. A single archaeological feature from the site was chosen as a case
study, Feature 146. This feature is a depression that was likely used as a refuse pit, believed to
have been filled between A.D. 677 – A.D. 1443.
The petrographic data presented here reveals gradual changes in temper composition and
ceramic characteristics in the Hahn Site pottery over time. In analyzing these patterns and temper
transitions, excavated levels can be grouped together based on similar ceramic aspects, such as the
boundary between Levels 1 – 4 and Level 5 of Unit 27, and Levels 1 – 3 and Levels 4 – 8 of Unit
35. The groupings of levels revealed by this data correspond to cultural stratigraphic horizons
identified in the field by archaeologists during excavation. These horizons, referred to as Upper
and Lower Zones, each align with the depths of temper transitions seen via petrographic analysis.
Sharp distinctions between Levels 4 and 5 of Unit 27 suggest evidence for outside influence of
nearby Native American nations in the Midwest. As a whole, the data collected through this
project reveal ceramic petrography as a viable method of identifying ceramic sherd temper and
pottery characteristic transitions over time, through a process that is minimally destructive to
Native American pottery.
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Fort Ancient and Woodland Pottery from the Hahn Site, Hamilton County,
Ohio: A Petrographic Analysis of Chronological Changes in Ceramic Temper
SECTION 1: INTRODUCTION
Project Goals
Hundreds of years ago, the midwestern United States was home to many Native
American nations. These societies consisted of small farming communities that practiced
agriculture and lived along the streams and rivers by which we still live today. Archaeological
findings in the Midwest have provided insight to daily life in these areas so long ago, and can
even suggest economic or trade patterns. The focus of this study is an archaeological site in
southwestern Ohio, called the Hahn Site (Ohio Archaeological Site #33HA10), and the artifacts
discovered there. The most abundant type of Native American artifact uncovered at this site are
pieces of ceramic pottery. Intact, or nearly intact, ceramic vessels have been reconstructed and
preserved from the Hahn Site by archaeologists at the Cincinnati Museum Center, while some of
the broken sherds have been found useful in conducting minimally destructive research. To
further previous research, this project aims to analyze sherds from the Hahn Site in an attempt to
identify rock and mineral temper materials used, and how this might have changed over time.
The term temper refers to any outside material that is ground and added to clay when creating a
ceramic vessel, as a way to provide structural stability, especially during the drying and firing
process, and help prevent a piece of pottery from cracking. Temper often includes fragments of
rocks, minerals, shell, sand, or even fibrous plants that were small enough to be added to clay.
The objectives of this project are twofold: to serve as an opportunity to combine the
academic areas of cultural anthropology, archaeology, geology, and museum studies, and to use
these interdisciplinary methods to learn about ceramic practices of the Native American who
lived in southwestern Ohio hundreds of years ago, by analyzing chronological changes in
ceramic technique. By applying the process of ceramic petrography, the interior structure and
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composition of pottery samples are able to be analyzed microscopically, allowing for
identification of the rocks and minerals used as temper in the clay paste. In an effort to determine
if pottery-making techniques change over time in terms of the material used as temper, 80
samples were selected to represent consecutive depths below the surface of the earth, with the
assumption that increasing depth is directly correlated to older artifacts. A change in temper
material could indicate altered techniques, or communities making improvements to their
ceramic processes by finding materials that work well together to prevent cracking and
encourage a longer lifespan for the vessels. Changes in temper material or characteristics can
also suggest possible influence or shared ideas across nations of indigenous peoples, or even
provide evidence of regional trade (Pollack et al., 2002). Further, this research aims to discover
if the process of ceramic petrography is a viable option in determining or confirming cultural
stratigraphy visible in the field while excavating an archaeological unit. Cultural stratigraphic
horizons indicate natural levels of archaeological finds such as generational deposits. These can
be seen in the field by changes in soil color or texture, or variations in the quantity of artifacts
found.
Although the analysis of thin sections utilizing the petrographic microscope constitutes
the majority of this research, additional preliminary data were collected through a handheld xray fluorescence spectrometer (XRF) as well as a scanning electron microscope (SEM) and
energy dispersive x-ray spectroscopy (EDS). Petrographic thin sections provide a microscopic
view of the internal structure of pottery sherds through a minimally destructive technique that
allows for the identification of temper material, clay composition, and overall ceramic
characteristics. XRF data can be collected on samples without damaging them, and is used to
identify chemical elements present, thereby indicating potential rocks or minerals present, or
revealing which elements are abundant in the clay. Research collected by SEM and EDS
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methods use the same thin sections used for petrographic analysis, but create microscopic
images as well as geochemical readings from precise locations.
The research and data collected for this project are most thoroughly explained here, but
in order to reach a broader audience, a small museum-style display also was designed. This
display acts as a platform upon which the interdisciplinary science of ceramic petrography may
be shared with the general public. Many people are interested in archaeological findings and
learning about Native American culture or processes, but the research side of understanding
these artifacts can be more difficult to comprehend. Although it will not be installed, due to the
closure of DePauw University in March 2020 caused by the Coronavirus pandemic, the original
location for this display was set for the university’s Roy O. West Library. In this location, the
display would have been accessible to undergraduate students, university faculty and staff, and
local community, as a way to share this scientific research with anyone who viewed the display,
regardless of their academic background or discipline.
SECTION 2: BACKGROUND
Cultural History
The archaeological site that provided the ceramic sherds for the focus of this project,
Ohio’s site #33HA10 or the Hahn Site, is located amongst the rolling hills and river valleys of
southwestern Ohio. This tri-state area of Ohio, Indiana, and Kentucky was once inhabited by
many Native American nations, though the most commonly known to have lived here were the
Miami and Shawnee. Archaeological sites scattered across the Cincinnati, Ohio region, however,
have provided evidence to the presence of Adena, Hopewell, and Fort Ancient cultures as well.
These societies occupied the Cincinnati area for nearly 3,000 years, during the Woodland and
Fort Ancient Cultural Periods (500 B.C. to 1670 C.E.). The Woodland and Fort Ancient Periods
can each be subdivided into three phases, as shown in Table 1.
The pottery samples selected for this research, as well as the other artifacts (e.g. worked
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Woodland Period
Fort Ancient Period
Early Woodland 500 B.C. - 200 B.C. Early Fort Ancient 1000 C.E. - 1250 C.E.
Middle Woodland 200 B.C. - 400 C.E. Middle Fort Ancient 1250 C.E. - 1450 C.E.
Late Woodland
400 C.E. - 1000 C.E. Late Fort Ancient
1450 C.E. - 1670 C.E.
Table 1. Subdivisions of the Woodland and Fort Ancient Periods, both of which were present in the Cincinnati
regional area. These Native American cultural periods consist of hundreds of years, with the commonly
accepted dates for each division are listed beside the name.

and unworked animal bone, shell and stone tools, food remains) recovered from the Hahn Site,
primarily date to the Fort Ancient Period, although some Woodland and even Archaic (3000
B.C. – 1000 B.C.) artifacts have been found.
The cultural designation Fort Ancient was assigned by archaeologists as a way to
connect societies believed to have similar social structure, practices, locations, and cultural
artifacts, though the term truly refers to Late Prehistoric (1000 C.E. – 1670 C.E.)
archaeological settlements in the broader Ohio River Valley region (Swinney, 2015). The
Fort Ancient settlements around present-day Cincinnati consisted of small, independent
farming communities, situated along the floodplains of the Ohio, Little Miami, and Great
Miami Rivers (Pollack et al., 2002). Hunting and gathering also provided other means of food
sources, in addition to agriculture and plant domestication. With the production and
accumulation of enough food to feed multiple families, more efficient means of cooking and
substantial storage were developed. Techniques were improved to create more durable
ceramic vessels, and pottery that could function as long-term dry food storage.
Native American potters typically fired clays around bisque heat (<850°C), but in
doing so this created a porous texture in the ceramic vessel, which could in turn compromise
strength, hardness, or even risk decomposing temper such as carbonate (CaCO3) shells
(Tankersley and Meinhart, 1982). But previous petrographic research of Fort Ancient pottery
from the Cincinnati area has revealed that as the clay is fired over an inefficient fuel source,
carbon gets trapped in the pores of the clay paste, creating vessels that can be used as sanitary
dry food storage (Tankersley and Meinhart, 1982). However, this research by Tankersley and
Meinhart (1982) also states that without a proper slip to cover these pores, evidence for

4

which has not yet been definitively found, these vessels would not have allowed for longterm water storage, perhaps partially explaining why Fort Ancient communities were situated
so close to the rivers of the area (Pollack et al., 2002).
Ceramic Production
Fort Ancient pottery was created by combining local clays, water, and temper (e.g.
rock, mineral, and shell fragments, or grog (recycled pottery)). Temper proved to be a crucial
element to creating ceramic materials, as it balances the ratio of clay to water and serves as a
preventative measure against the pot cracking while drying or being fired (Stoltman 2015).
Once the clay was prepared, pottery vessels could be created by rolling out coils of clay,
stacking them, and paddling them flat (Tankersley and Meinhart, 1982). To do so, potters
would hold a piece of rounded stone against the interior wall of the vessel, while
simultaneously striking the exterior with a wooden paddle. This process flattens the clay and
creates durable walls on the ceramic vessel. If a paddle covered in a fabric or fibers is used in
such a technique, a pattern forms on the exterior of the pot in a rough, striped texture called
cord-marking (Fig. 1).

Figure 1. Example of reconstructed Fort Ancient cord-marked
pottery vessel, showing the cord-marked pattern commonly
found on sherds in southern Ohio (Ohio History Connection).
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History of the Hahn Site
The pottery samples selected for petrographic analysis were excavated at the Hahn
Site (33HA10) in Newtown, Ohio, located on the eastern edge of Cincinnati (Fig. 2). Dr.
Charles Metz undertook the first excavations of the Hahn Site in 1881 on land that was
owned by Mr. Abner Hahn (Swinney, 2015). Metz returned in 1885 and conducted
excavations alongside archaeologists from Harvard University’s Peabody Museum until 1911
(Drooker, 2000; Swinney, 2015). For about thirty years, no official excavations were
documented for this site, but in 1943, J.D. Conover briefly collected artifacts here, followed
by test excavations during the summers of 1946 and 1947 that were led by the Cincinnati
Museum of Natural History (Genheimer, 2010; Swinney, 2015). The site was again left
undisturbed by archaeologists for a period of time, although some looting and surface
collection took place, until 1996 when Anderson Township purchased the land through two
individual tracts, known as the Ragland and Burger Tracts, thus creating the Clear Creek Park
that exists today (Swinney, 2015; Anderson Park District, 2020).

Figure 2. Topographic map of the Cincinnati, Ohio area, including the location of the Hahn Site, marked by the large
arrow in the Little Miami River Valley. Inset in the lower right corner presents a closer view of the Little Miami River
Valley, and the location of the Hahn Site. Topographic map from USGS Database (2019).
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Since 2008, the most thorough and well-documented excavations have occurred through
the Cincinnati Museum Center, which has brought archaeologists, faculty, interns, and
community volunteers to the site for archaeological field schools. Their efforts have uncovered
artifacts such as shell and stone tools, food remains, worked and unworked animal bone, earthen
ovens, evidence of homes and other village structures, ceramic fragments, and nearly intact
ceramic vessels complete with strap handles and decoration. These artifacts lend insight to the
economy, social networks, and daily lives of the indigenous people who lived in the Cincinnati
region for thousands of years.
While excavating at the Hahn Site, archaeologists at the Cincinnati Museum Center have
been using a grid based on the coordinate system of UTM Zone 16 (Fig. 3). Dr. Jarrod Burks at
Ohio Valley Archaeology, Inc. utilized gradiometry and geophysical methods to identify
magnetic anomalies in the subsurface, identifying locations of particularly high or low magnetic
susceptibility that could be indicative of archaeological features worth excavating (Fig. 4).

Figure 3. Ohio Division of Geological Survey, (n.d.), Latitude-longitude grid, UTM
zone boundary, and state plane coordinate system zone boundary: Ohio Department
of Natural Resources, Division of Geological Survey, scale 1:2,550,000.
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Figure 4. Magnetic survey results (left) and magnetic gradient anomalies (right) of the Hahn Site, Little Miami River
Valley, Ohio. Data collected by Dr. Jarrod Burks (Ohio Valley Archaeology, 2011). Maps provided by Tyler Swinney
(Cincinnati Museum Center, 2020). The magnetic anomaly of Feature 146 is identified by the large arrow.

The archaeological features these anomalies correspond to represent human-created structures or
disturbances such as walls, mounds, ditches or pits, ovens, or clusters of objects. The feature
selected as a case study for this research on ceramic petrography, Feature 146 (indicated by the
arrow on Fig. 4), is an earthen depression that was likely a refuse pit that was filled between 677
C.E. – 1443 C.E. Feature 146 has been deemed a possible refuse pit in previous research on the
site, based on its close proximity to the site’s earthwork remnant (black circular structure visible
in Fig. 4) as well as its high abundance of ceramic sherds (Swinney, 2015). The feature itself has
been the largest refuse pit that the Cincinnati Museum Center has dug at the Hahn Site to date,
with a volume of approximately 6.8 m3 and dimensions of roughly 10-by-6-meters (Swinney,
2015). Due to its size, this feature was excavated in sections, by measuring off a series of eight
2-by-2-meter grid blocks, called units. Although eight units were established across this feature,
only sherd samples from Units 27 and 35 were selected for this ceramic petrography project.
Unit 27 includes a section of the outer edge of this pit, whereas Unit 35 is located approximately
in the center. By gathering samples from both the edge and center of the pit, the pottery sherds
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should give a broader understanding of what fills the feature, and perhaps lend more insight to
the overarching cultural stratigraphic horizons present in this refuse pit.
Geologic History
As petrographic analyses are primarily used to identify rock and mineral fragments used
as temper in Native American pottery, one must first understand the underlying geology, as well
its geologic history. The Hahn Site, as shown in Figure 2, lies in southeastern Hamilton County,
Ohio, in the Little Miami River Valley. Figure 5 shows the underlying geologic units present in
this area, within which the Hahn Site itself lies in the far southeastern corner of the map, where
geologic units of the Quaternary Period (2.58 Ma – present, represented by yellow on the map),
crop out. These units are mostly from water-lain deposits such as streams, swamps, or
Ordovician epeiric seas, comprised of gravel, sand, silt, clay, fossils, and glacial deposits. Two
primary glaciations impacted this area of southwestern Ohio, the Illinoian and Wisconsinan
Glaciations, during the Pleistocene Epoch (2.58 Ma – 0.012 Ma). The Little Miami River Valley,
upon which the Hahn Site is situated, was a major outwash channel for glacial debris from each
glacial event, collecting deposits of igneous, metamorphic, and sedimentary rocks. According to
Genheimer (2010), the Wisconsinan Glaciation terminated approximately 18 kilometers north of
the Hahn Site, with the Illinoian Glaciation terminating around six kilometers southwest.
At the base of the glacial and alluvial (i.e. stream, river valley) deposits lie an unconformity,
marking the boundary between the younger Quaternary units and much older Ordovician strata
(485 Ma – 443 Ma) formations. The Ordovician units consist of the Kope and Fairview
Formations, Miamitown Shale, and a series of undifferentiated limestones, such as the Bellevue
Member. As shown on the geologic map in Figure 5, the Ordovician units crop out in areas
surrounding the Hahn Site, and would have served as likely sources for the rock temper and clay
used to create ceramic vessels.
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Figure 5 (a). Map of Bedrock Geology in the Cincinnati East Quadrangle, Hamilton County, Ohio.
Map published by the Ohio Division of Geological Survey, Report of investigations, no. 94. (1974).
The arrow in the southeastern corner of the map marks the approximate location of the Hahn Site.
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Figure 5 (b). Legend corresponding to geologic map of Fig. 4 (a), describing bedrock geology of the Cincinnati East Quadrangle,
Hamilton County, Ohio. Map and legend published by the Ohio Division of Geological Survey, Report of investigations, no. 94. (1974).
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Ordovician limestone and shale dominate the exposures in Hamilton County, Ohio (seen
as the brown, orange, red, and pink units in Fig. 5), and these rock formations are collectively
known as the Cincinnatian Series. These rocks expose a section of the Cincinnati Arch, a
doubly-plunging geologic landform that underlies the tri-state area of Indiana, Ohio, and
Kentucky (Holland, 1993). Across the region, these fossiliferous limestones and shales create a
pattern of intertonguing units, described by Holland (1993) as showing “five depositional
sequences composed of two relatively simple depositional systems.” These units reveal a
changing depositional environment where the shoreline of an ancient epeiric sea periodically
rose over time in stages of transgression, an interpretation further supported by the abundant
fossils throughout the region. Brachiopods are the most common fossils in this area, and units
such as the Fairview Formation and Belleview Limestone each contain key species,
Rafinesquina and Platystrophia ponderosa, respectively. With specific species of fossils
identified in association with these units, limestone temper found to contain these fossils in
petrographic analysis could definitively identify which geologic units were used as a source for
temper, thereby narrowing the locations to which early potters traveled for material.
SECTION 3: PREVIOUS RESEARCH
Past Research at the Hahn Site
Although ceramic petrography to analyze the rock temper used in Fort Ancient
pottery has not been conducted prior to this study, other research has been done involving
ceramics from the Hahn Site. Swinney (2015) investigated how ceramic vessels changed
throughout time by analyzing samples from three features –a storage pit (Feature 37), an
earthen oven (Feature 38), and a basin-shaped depression (Feature 146; the feature used in
this study). The locations of Features 37 and 38 in relation to Feature 146 are shown in
Figure 6. Variables such as the location on a vessel from which sherds originated (e.g. rim,
shoulder, body), surface damage to sherds, composition of temper (determined
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macroscopically), sherd thickness, and
sherd weight were used to identify
differences in the pottery collected by
Swinney (2015). Through his research, he
found that while the majority of sherds
found at these features have shell
tempers, Feature 146 had the greatest
quantity of rock-tempered pottery.
Figure 6. Map of magnetic anomalies at the Hahn Site, with
Features 37, 38, and 146 identified (Swinney, 2015). All
three features were included in Swinney’s research, and
Feature 146 was selected to be the focus of this project as
well.

Further, there were more sherds with rock
temper than shell temper in the deeper

levels of the feature, approximately 50 – 100 cm below the surface (Swinney, 2015). His
findings did not reveal any definitive changes in thickness of the sherds, despite the
compositional changes in the temper, but he did discover a variation in weight that suggests
possible changes in the ceramic vessel production process (Swinney, 2015). By comparing
the differences in temper, weight, and thickness of the sherds of these features, it was
concluded that Features 37 and 38 were each filled in by quick, small-scale, familial
activities, whereas Feature 146 was filled in more gradually during the Late Woodland to
Middle Fort Ancient Periods, suggesting larger communal activities (Swinney, 2015).
Research with Hahn Site ceramics continued in 2018, when Christina Hahn compared
pottery sherds to ceramics found at the Firehouse Site, another archaeological area in Ohio
along the Little Miami River, located approximately 1 km northeast from the Hahn Site.
Hahn used similar macroscopic analysis techniques to Swinney (2015), that she compared
sherd thickness, temper composition, evidence of burning on the sherd surface, and any
decoration or damage to the samples. But in addition to macroscopic analyses, Hahn also
used x-ray diffraction (XRD) to identify the mineralogical components of the sherds in an
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attempt to identify manufacturing locations and temper resources. She found that while both
the Hahn and Firehouse sites were believed to have been occupied at the same time, ceramic
surface treatment and temper composition concluded that each site’s occupation occurred
during different Late Woodland periods (Hahn, 2018). Her work with XRD found high
amounts of quartz in the Hahn Site sherds; in fact, she states that in many of the samples
tested through methods of XRD, quartz was the only identifiable mineral (Hahn, 2018). As
with Hahn’s research, this project also aims to focus on rock-tempered pottery. Although
only one site will be examined, petrographic analyses can help further this research by
identifying the other minerals that are present as temper.
Local Research
Outside the scope of the Hahn Site, ceramics and the culture of the Fort Ancient
nation have been an area of research for many decades (Tankersley and Meinhart, 1982;
McLauchlan, 1987; Pollack et al., 2002). Studies on ceramic properties and material use
revealed that clay used by the Fort Ancient communities around the Cincinnati area came
from the Kope Formation (see Fig. 5) (Tankersley and Meinhart, 1982). In determining the
source of the clay used for these vessels, Tankersley and Meinhart (1982), determined the
integrity and limitations of the ceramics, such as firing temperature and percentage of pore
space. In addition to species of shell fragments found at Fort Ancient archaeological sites,
ceramic data have also been used to study the interaction of Native American communities in
the midwestern United States; Pollack et al. (2002) discovered that interaction between Fort
Ancient and Mississippian cultures was limited until 1400 C.E. when this interaction
suddenly increased. In addition to rituals or ceremonial practices, food preparation and
consumption were influenced by these interactions, as Fort Ancient groups adopted
Mississippian cultural ideas (Pollack et al., 2002). Fort Ancient peoples’ food choices also
were studied by McLauchlan (2000). Through pollen analyses collected from soil samples,
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her research found species of plants and seeds that were being cultivated by these
communities hundreds or even one thousand years ago. McLauchlan (2000) was also able to
identify periods of agriculture or other activities where land was cleared, through higher rates
of erosion and vegetation modification.
SECTION 4: SAMPLE DOCUMENTATION
Selection of Ceramic Sherd Samples at Feature 146
Given the goals and focus of this project, archaeologists Bob Genheimer (Curator of
Archaeology) and Tyler Swinney (NAGPRA Coordinator and Tribal Liaison) from the
Cincinnati Museum Center recommended Feature 146 at the Hahn Site as an ideal location to
study compositional variation in ceramic temper. As discussed in the previous section, Feature
146 has been an area of study in recent ceramic research, allowing this study to build on those
previous findings. Feature 146 was excavated in a series of eight units, each measured in 2-by-2meter squares, yielding thousands of pottery samples that contain a variety of temper.
Limitations in the scope of this project require the pottery sample size to be narrowed
significantly from the thousands of total potsherds found in the feature. To do so, only two of the
excavated units were selected for sampling: Unit 35
and Unit 27. Unit 35 is located approximately in the
center of the feature, and Unit 27 is located along the
perimeter (Fig. 7), allowing for a broader scope of
sampling in the feature that could help document
cultural stratigraphy and ceramic changes over time.
To narrow the sample size further yet, only potsherds
containing some sort of rock and mineral tempers
were selected for petrographic analysis, excluding the
Figure 7. Magnetic anomaly map of the Hahn
Site, with the excavation units of Features 146
identified, including Units 27 and 35 as
indicated (provided by Swinney, 2020).

many hundreds of samples with shell tempers.

15

Although excluding the shell-tempered sherds from this project can create a bias or skewed
perspective of the data and thus the interpretation as well, rock-tempered pottery were the least
studied from the Hahn Site and were therefore the most beneficial contribution. These rocktempered ceramic sherds have been macroscopically analyzed in the past by archaeologists and
volunteers at the Cincinnati Museum Center, and found to contain temper of limestone, grit
(finely ground pebbles of crystalline rock, i.e. glacial outwash), grog (recycled pottery), and
what is believed to be manganese-rich pebbles.
Description and Cataloging
Prior to creating a petrographic thin section of any ceramic sherd sample, each of the
original 80 sherds were documented, sketched, individually photographed, and photographed
with all samples corresponding to the same archaeological layer of the unit (Appendices 1, 2).
Examples of pottery photographs can be seen in Figure 8, though the complete collection of
photographs by archaeological level and individual sherds are included in Appendices 1 and 2,
consecutively. Preliminary inspection using a geologic hand lens (magnification 10x) were
completed in order to select samples that best represented the archaeological level. The
representative samples were chosen based on temper composition and size, as well as overall
sherd color and thickness. Half of the original sample size were selected to be used for thin
section analysis, creating a subset of 40 samples.

Figure 8. Example photographs of individual sample (left) and all samples from a single archaeological level (right).
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Thin Section Preparation Technique
Thin section sample numbers were assigned to the 40 pottery samples selected for
petrography and engraved onto 47 mm x 26 mm microscope slides. The thin section numbers
were written using the following format: 35.1.A68635 (Unit number. Unit level. Museum
accession number) (Fig. 9). For the pottery samples to be mounted flush against the glass slides,
a thin slice (approximately 5 mm or less) was cut from an edge of the sherd using a 10cm thin
kerf (0.2mm) trim saw. If the cut slice was large enough to remain intact, the pieces were kept
and set aside to ensure
the Cincinnati Museum
Center received as much
of the original potsherds
as possible. The flat
edge of the sample to be
mounted was polished
Figure 9. Photograph of labeled glass slide, sliced piece of pottery, and mounted sample,
all with the example thin section number 27.1.A67940. Image by Lutz (2019).

using 600 (20μm)

silicon carbide grit, rinsed with water, and dried overnight on a hot plate at 175° F. Once dried,
these samples were mounted onto their corresponding labeled glass slide using Hillquist
petrographic epoxy. After once again drying overnight on a hot plate, the excess pottery sample
was cut off using the trim saw leaving only a thin layer of pottery on the glass slide (Fig. 9).
Using a Wards-Ingram thin section grinder, the thin sections were carefully ground down to 30
μm if possible, hand ground as necessary, then rinsed in water and dried on the hotplate.
The glass slides on 13 thin sections shattered following the process of removing the
excess pottery. To avoid removing even more pottery from the original potsherd by cutting
another slice, new thin sections were produced from the original cracked slides by polishing
the exposed slice and mounting the other side to a second glass slide. Once the epoxy
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hardened, these 13 thin sections with two glass slides sandwiching the sample were cut and
separated by hand using the trim saw. The new thin sections were then ground and polished
like the rest of the samples (only three of the samples were too badly cracked to repair).
SECTION 5: RESEARCH AND ANALYSIS
Macroscopic Analysis
Macroscopic observations were made for each sample of Hahn Site pottery, including
those not selected to be sliced for thin section analysis. As discussed in the previous section,
sketches and photographs were made of every sample (Fig. 8; Appendix 1 and 2). Additionally,
each sherd was measured for its maximum thickness to observe any changes over time, as well
as to further previous thickness research (Swinney, 2015) and to aid in future research by
archaeologists at the Cincinnati Museum Center. Thickness was believed to change over time,
with thinner pottery was developed with altered temper composition and ceramic production
techniques over generations. However, thickness data from the 80 sherds in this study does not
reveal a significant change in thickness visible from the sherds selected from the Hahn Site (Fig.
10; Table 2), though these data do support results from previous studies (Swinney, 2015; Hahn,
2018). Not finding a change in thickness over time could potentially suggest that, despite
changing temper composition, pottery techniques were not changing over the course of time the
refuse pit of Feature 146 was active, 677 C.E. – 1443 C.E. Such a claim cannot be definitively
made, however, based solely on this data and with a project using such a limited sample set.

Figure 10. Sherd thickness by depth in both units, where each measurement is represented by a point, with lines to show
the range present. For sherds in which a measurement was inconclusive/indeterminate, a point was marked as N/A.
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Table 2. Maximum thicknesses of sherds, as measured via caliper (mm). Measurements recorded as “indeterminate” represent
samples that were eroded or did not have distinct vessel walls, and thus were unable to provide a definitive thickness.

For the samples selected for petrographic analysis, the color of the ceramic paste (fired
clay matrix) was recorded. A Rock Color Chart (Geological Society of America, 1984) was used
to determine ceramic paste color by matching color swatches to the pottery slices. Table 3
contains notes and descriptions for the color of clay matrix in each thin section, as well as a
visual representation of which colors were included in each sample. Most clays were yellowbrown and faded between two distinguishable colors, though many samples had a clay matrix
consisting of only one color. Overall, 15 thin sections (37.5%) had only one color, 24 samples
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(60%) had two, and only 1 sample (2.5%) had a transition of three colors of clay. In looking at
the change in clay color of Unit 35, the clay seems to transition from a dark brown at the deepest
levels to yellow and brown at mid-depth, before finishing off in red-browns and grays at the
shallowest levels. Interestingly, Unit 27 seems to have roughly the opposite change in coloration,
where the deepest levels are yellow and gray, mid-depths are red-browns and yellow, and
shallowest levels are lighter yellows and browns. Despite these observations, the overall change
in clay coloration is quite variable, and thus no definitive conclusions can be made. However,
future analysis might help identify potential clay sources based on soil color, if soils from around
the Cincinnati area were gathered, and experimental archaeology was done to test these clays in
a variety of firing temperatures and oxidation states.

Table 3. Color descriptions of clay matrix in thin section samples from Unit 35 (top) and Unit 27 (bottom),
with corresponding key of color codes to terms (right). Clay colors determined by the Rock Color Chart
(Geological Society of America, 1984). Representative colors show approximated quantities per color.
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Petrographic Analysis
The majority of research for this study consisted of standard petrographic analysis
(Heinrich, 1956) on each of the 40 thin sections using a Meiji ML-9000 petrographic
microscope. Each of the 40 thin section samples underwent analysis using point count methods
of 500-points, where minerals, fossils, and rock types were identified in the temper. Common
practices of petrography include counting 100, 500, or 1,000 points per sample; to determine
how many counts were necessary, the size and frequency of the temper were taken into
consideration. With a high amount of temper in each of the samples, not as many counts were
needed, but with a lower amount of point counts, room for error or misrepresentation increases.
To reach a balance of accuracy and efficiency, while allowing for the time restraints of this
project, point counts of 500 points were determined ideal. Point count and petrographic data are
provided for each unit and sample in Appendix 3. To gain a general understanding of how
temper composition and characteristics change over depth in each unit, bar graphs were created
(Appendix 4) for each level per archaeological unit. General trends in temper material changes
with depth, as well as matrix/temper/pore space ratios for both units are shown in Figure 11.
In Unit 27, sedimentary rock temper (including limestone, sandstone, siltstone,
mudstone, shale, or carbonate) increases in the first four levels, but is absent in the fifth level.
With the exception of the fifth level, which only includes one sample and therefore may not be
completely representative, these data reveal a decrease over time with respect to using
sedimentary rock as ceramic temper. Crystalline rock fragments (igneous or metamorphic) are
not prevalent as temper in Unit 27, with the only counts being in the first level, and even then
being quite low at only 0.4%. Temper such as micas, feldspars, and possible manganese-rich
pebble fragments are relatively consistent across the levels, , though micas and manganese-rich
fragments increase over time with standard deviations of 0.7 – 2.5, whereas feldspars are more
variable with a standard deviation of 5.8. Quartz temper in Unit 27 slightly decreases with time,
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Figure 11. General trends in temper material changes with depth for Unit 27 (top left) and Unit 35 (bottom left). Overall
comparisons of ratio between matrix, all temper, and pore space counts for Unit 27 (top right) and Unit 35 (bottom right).
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where 12.8% – 10.2% temper are quartz in the lowest and oldest levels, and 5.8% – 8.0% quartz
temper in the uppermost levels.
When analyzing the distribution of temper with respect to clay paste matrix and pore
space in the levels of Unit 27 (top right graph in Fig. 11), the deepest and oldest level has the
least amount of temper, representing only 17.8% of the sherd. The temper frequency per sherd
more than doubles to 39.2% in the next level, Level 4, at a depth of 60 – 70 cm below the
surface. As the next three levels grow younger and shallower, the temper to matrix and pore ratio
steadily decreases from 26.5% to 24.6%, before reaching 22.5% in the uppermost excavated
level. In general, these data suggest that the oldest deposits of sherds in Unit 27 were mostly clay
paste matrix, but as time passed a shift in ceramic production methods took place, with a sudden
increase in temper quantity. These methods were gradually altered over time, with temper
components slowly returning to a similar consistency to the original pottery of Level 5. The final
category of identified features through petrographic analysis of sherds from Unit 27 are the pore
spaces, or voids, present in the ceramic paste. Point count data from Unit 27 reveals a steady
increase in pore spaces over time, as the levels grow shallower, with the lowest pore counts in
Level 5 at 6.0%, increasing to the highest amount of pores in Levels 1 and 2, where sherds
contained 17.4% – 25.7% (Fig. 11).
From the visible patterns of changes in temper and sherd consistency through the
petrographic data presented, the archaeological levels of Unit 27 can provide insight of societal
influences. Levels 1 – 4, at depths of 30 – 70 cm, appear to be quite different from Level 5, 70 –
80 cm, in terms of ceramic production technique. The gradual changes within the youngest four
levels suggest gradual transitions in ceramics over time, indicative of Fort Ancient communities
progressively altering their ceramic production techniques over the generations. But with such a
dramatic transition between Levels 4 and 5, this boundary suggests the possibility of outside
cultural influence, thereby dramatically transforming how these societies produced ceramic

23

vessels. However, despite these observations and hypotheses, the cultural stratigraphy and
horizons present a more complicated story. When excavated, Unit 27 had two distinct
archaeological zones, an Upper Zone at a depth of 30 – 50 cm and a Lower Zone reaching a
depth of 80 cm (Fig. 12). These horizons were distinguishable in the field by a change in soil and
noticeable decrease in ceramics beginning 50 cm below the surface (Swinney, 2015). It is
possible that more stratigraphic levels are present in this unit (e.g., between Levels 4 and 5
around 70 cm) that simply were not definitively identifiable in the field. Additionally, with the
Upper Zone containing a higher quantity of ceramics than the Lower, there is a possibility that
populations were increasing, thus increasing the demand for pottery. This could then create
higher amounts of ceramics being discarded during the time the Upper Zone was deposited,
either due to ceramic vessels breaking easier from the faster processes and increased temper, or
simply due to the larger number of vessels produced.

Figure 12. Stratigraphic column of archaeological levels and their corresponding depths below the surface (left)
and cross-section showing the characteristics and depth of cultural horizons (right), both of Feature 146, Unit
27 at the Hahn Site (Site #33HA10). The cultural horizon figure on the right was provided by Swinney (2015).

Petrographic data for Unit 35 tells a similar story, with levels able to be categorized into
two distinct groupings (Levels 1 – 3 (30 – 60 cm depth) and Levels 4 – 8 (60 – 108 cm depth))
based on how the temper characteristics and frequency change over depth (temper data shown in
Appendix 4). This distinction is most prominent in patterns of sedimentary rock, crystalline rock,
quartz, mica, and feldspar temper. From the older levels to the younger, sedimentary rock temper
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shows two periods of gradual increase, between Levels 1 through 3 as well as 4 through 8
(Appendix 4). Crystalline rock temper increase over time in the lower units as well, but are
nearly absent in the upper three levels, where an average of 0 – 0.4 counts were found.
Interestingly, minerals such as quartz and mica are inversely related. The frequency of quartz
temper steadily decreases from the bottom of the unit up to the top of Level 4, where it remains
fairly constant, whereas micas are consistent in Levels 4 – 8, but decrease over time beginning at
Level 3. Feldspars, manganese, and grog frequencies do not reveal any definitive patterns and
are variable across depth, though feldspars do appear to be grouped by Level 1, Levels 2 – 4, and
Levels 5 – 8.
In looking to the amount of temper present in relation to the clay matrix of these samples,
the data are rather consistent, with a total range overall of approximately 24% – 37%. The only
archaeological level that strays from this sherd consistency is Level 4, at a depth of 60 – 70 cm
below the surface (Fig. 11). This level only has 17.6% temper, significantly lower than sherds
from the surrounding areas, and thereby marking again this boundary between cultural zones.
These zones are also visible in the patterns of clay paste matrix in the sherds, as seen by the
periods of fluctuation between depths of 30 cm – 60/70 cm and 60/70 cm – 108 cm (Fig. 11).
From the data on pore spaces present in Unit 35 ceramics, no distinguishable patterns can be
interpreted.
As with Unit 27, Unit 35 also was found to have two distinct cultural horizons during
excavation (Fig. 13), which corroborate the patterns found through petrographic analysis. The
boundary between these zones is concave, as seen in the cross-sectional sketch by Swinney
(2015) in Figure 13, showing the central geometry of the refuse pit that makes up Feature 146. In
general, the Upper Zone contains the first four levels, down to a maximum depth of 70 cm below
the surface, with the Lower Zone consisting of the final four levels, reaching 108 cm below the
surface. As Unit 35 was being excavated, this contact between zones was marked by a sharp
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contrast in ceramic material quantity, with a decline beginning around 70 cm (Swinney, 2015), a
similar pattern to what was seen at a depth of 50 cm in Unit 27 (see Fig. 12) (Swinney, 2015).

Figure 13. Stratigraphic column of archaeological levels and their corresponding depths below the surface (left)
and cross-section showing the characteristics and depth of cultural horizons (right), both of Feature 146, Unit
35 at the Hahn Site (Site #33HA10). The cultural horizon figure on the right was provided by Swinney (2015).

Although the ceramics of Unit 35 show more prominent changes than Unit 27 that better
reflect two distinct zones, both units produced sherds whose petrographic data supports the
cultural stratigraphy found by archaeologists at the Cincinnati Museum Center. The patterns of
Unit 27 sherds described above appear to be most similar to the uppermost levels of Unit 35,
showing a consistency in sherd characteristics across Feature 146 laterally from the center of the
depression to the edge (see unit locations in Fig. 7). These correlations indicate connections
between the Upper Zones of each unit, as well as both Lower Zones. In matching these zones, a
better understanding of the 3-dimensional properties of this filled depression can begin to take
shape, where the upper cultural horizon reaches a depth of 70 cm in its center (Fig. 13) and a
depth of 50 cm on the edges (Fig. 12). Similarly, a geometry of the lower cultural horizon can be
interpreted as reaching a depth of 108 cm at its center (Fig. 13) and around 80 cm at the edges
(Fig. 12). In general, the petrographic data presented here helps to support archaeological notes
and interpretations from excavation, lending credit to the hypothesis that this method is a viable
option in better understanding archaeological sites by using more detailed research to reach
similar conclusions.
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Scanning Electron Microscope Analysis
Archaeologists at the Cincinnati Museum Center have been macroscopically identifying
temper materials in Hahn Site pottery for many years. 17 of the 80 sherds collected for this study
were described as including manganese-rich temper, but these identifications were not done
confidently, and further geochemical analyses were requested from the museum. Manganese
temper was described as very dark mineral fragments that were typically black, though could
appear as a dark rust-orange when weathered. Through the more in-depth petrographic analyses,
22 of the sherds were identified as having temper matching this description. However, of these
samples, only 11 of them were marked as containing manganese-rich temper by the museum,
though there were 17 total samples that had been previously identified as such.
With such discrepancies, further geochemical analyses were conducted to determine if
this dark temper was truly manganese-rich pebbles, through identifying elements present in the
sherd, by use of scanning electron microscope (SEM) and energy dispersive x-ray spectroscopy
(EDS) analyses. Although not every thin section was able to be analyzed using these methods,
three samples were chosen for preliminary analysis. Of these, two samples had previously been
identified by the Cincinnati Museum Center archaeologists to have manganese-rich temper,
while the third had not been previously identified as having manganese-rich temper. Preliminary
data for these three samples are included in Appendix 5.
The first sample, thin section 35.2.A66352, was not identified by the museum
archaeologists and volunteers as containing manganese-rich temper, yet it contained many small,
dark pieces of temper under petrographic microscope, fitting the description of what the museum
looked for to be deemed manganese. The EDS results from this sample found high amounts of
Fe, Na, Al, Si, and O indicating the temper as most likely an iron-rich feldspar. Manganese
levels in this sample were low, likely only being picked up from the presence of Mn in the soil.
The second analyzed sample, thin section 35.4.A66229, contained a much larger mineral
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identified, which was extremely dark under both crossed polarized light (XPL) and plain
polarized light (PPL) using petrographic microscope. However, the EDS data for this sample
showed high amounts of Si and O indicating a fragment of quartz temper. Less definitive results
came from the third and final sample, thin section 35.4.A66233. High amounts of Na, Al, and Si
were present, as well as Fe, Mg, and P. With such a variety of elements, this mineral is possibly
an amphibole.
X-Ray Fluorescence Analysis
To further analyze the geochemical properties of these Hahn Site ceramics, x-ray
fluorescence (XRF) was used on two samples for preliminary data collection, to test if this
method held promise for future research. Samples 35.1.A68642 and 35.1.A68666 were selected
for hand-held XRF spectroscopic analysis, the results from which are presented in Appendix 6.
Unfortunately, the hand-held XRF unit available for this project was not properly calibrated for
sedimentary rock, a calibration needed to analyze the clay paste. With a proper calibration,
common elements in sedimentary rock, and therefore sediment as well, would be accounted for,
thus allowing more of the temper to be analyzed rather than the paste in which it is contained. In
both samples, the preliminary results found high amounts of Fe, Ca, Ti, and Sr, as well as Al, Si,
Cu, Zn, Rb, Y, Zr, and Mn (Appendix 6). The element of primary interest was manganese, as
this was the questionable temper identification from the Cincinnati Museum Center, but very
low amounts were found in each sample. This manganese content is likely from the clay-based
soil rather than a temper. However, without calibration, precise quantities of the elements were
not able to be determined, therefore requiring further XRF analysis.
SECTION 6: CONCLUSIONS
Fort Ancient pottery from the Hahn Site in Cincinnati, Ohio was analyzed using a variety
of methods including changes in thickness, clay color, temper composition and frequency, and
preliminary data collection through SEM – EDS and XRF methods. Unfortunately, neither the
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thickness of the sherds nor the coloration of the clay revealed any distinguishable patterns or
changes with the stratigraphic position of the pottery, preventing any definitive conclusions to be
made with these methods based on the sample size of this project.
Petrographic analysis of the 40 sherds provided evidence for gradual, generational
changes in the pottery, where temper composition would increase or decrease over time and
depth. The patterns and shifts in ceramic temper made visible through ceramic petrography were
able to be correlated to the cultural stratigraphic horizons sketched in the field my archaeologists
at the time these samples were uncovered, such as the Upper and Lower Zones of both Unit 27
and 35 (see Fig. 12 and 13). The boundary between these horizons marks a sharper and more
distinct transition between temper composition and sherd properties. In addition to separating the
two cultural zones, this boundary may also suggest outside influence from other cultures, such as
the Mississippian – Fort Ancient interactions discussed by Pollack et al. (2002). Although
Mississippian influences on Fort Ancient culture have primarily been attributed in the past by
similarities shared between pottery vessel shape and decoration (Pollack et al., 2002), the
distinctions in temper composition across time that has been revealed in this project could
provide further evidence in support of these societal influences. Such connections reveal the
applicability of this method in analyzing Native American pottery, in a way that is minimally
destructive.
As with pottery thickness and clay coloration, the SEM – EDS and XRF data were not
able to draw hard evidence to changes in pottery or identification in possible manganese temper,
as there simply were not enough samples able to be tested. However, if this project were to
continue, or future research were completed on Hahn Site pottery, these methods would be
viable courses of action. Additional future research could continue sherd analysis using the
methods presented in this project, but apply them to other features located around the Hahn Site.
Furthermore, research could be continued on other archaeological excavations in the midwestern
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United States, and in comparing regional sherds to the Hahn Site pottery, potential trade routes
or tribal relations could be revealed. In doing so, origins of ceramic techniques may be
discovered and tracked throughout time, establishing a framework of pottery development to
provide further insight to the daily lives of Native Americans who occupied these areas hundreds
of years ago.
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SECTION 7: SUPPLEMENTARY MUSEUM-STYLE DISPLAY
As a way for this research to become more accessible to the public, no matter one’s
discipline, academic area of study, or background, a museum-style display has been designed as
supplement to the research presented here. This display, while originally planned to be installed
near the University Archives in DePauw University’s Roy O. West Library during the months of
April and May 2020, was unfortunately not able to be installed, due to the COVID-19 pandemic
closing the University campus in mid-March, 2020. The selected display case intended to hold
this exhibit consists of two sections, separated into two small glass cases with adjustable shelves.
With natural divisions already in place, the display for this project has therefore been designed
with two clear sections in mind – the archaeological and the geological aspects of this project
(Fig. 14). Additionally, if visitors were interested in learning about this project further, a
reference would be made to this thesis, archived in DePauw University’s collection of Honor
Scholar Theses.
The first section, on the left of the display case, would contain general information about
the project, the Hahn Site, and Fort Ancient culture. The top shelf would consist of a brief
paragraph explaining this background information, with a larger, colored section of text to
showcase the main goals of the project. By having a larger and more colorful area showing the
project’s goals, viewers’ eyes would be drawn to this section, allowing for a quick and easy
identification of the main purposes of this research. Beside the background information would
lie a topographic map of the Cincinnati area with an inset showing the location of the Hahn Site,
in order to provide context for viewers. On the shelf below this, individual pottery sherds would
be mounted and displayed, with labels corresponding to their museum accession numbers from
the Cincinnati Museum Center and whether or not were selected for petrographic analysis. These
samples would also be identified as being on temporary loan from the Cincinnati Museum
Center to DePauw University. Along the bottom of this left-hand section of the display would be
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a small acknowledgements section. Here, committee members, faculty, archaeologists, and the
Cincinnati Museum Center would be thanked for all of their help and guidance in this research.
The right side of the display case will feature the methods and analysis portion of the
project, showing petrographic thin sections, sliced pottery, and photomicrographs of sherds on
the top shelf. Descriptions will accompany these visual aids, briefly explaining how thin sections
are created and ceramic petrography conducted. Below this shelf would lie the methods section,
complete with data and graphs showing overall trends in the collected data. A brief description
and interpretation of these data would also be displayed on this middle shelf. The bottommost
shelf on the right side of the case will include the preliminary XRF and SEM – EDS data, as well
as a description for possible routes of future research. To tie the display together, a small
microscope will be on display on this bottom shelf as well, to help provide context and
personality to the case.
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Figure 14. Mock-up of intended display
design for project. The left side of the display
will include a cultural background, project
overview, main goals for the project, and
show pottery sherds. The right side will
contain thin sections, photomicrographs,
explained methods and results, and will
feature a small microscope.
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APPENDIX 1: SAMPLE PHOTOGRAPHS BY LEVEL
This appendix contains photographs of all 80 pottery sherds selected for research from
the Hahn Site, divided by each unit’s archaeological level. Samples were on loan from the
Cincinnati Museum Center. Images by Shelby Lutz (2020).
Unit 27 Samples
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Unit 35 Samples
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APPENDIX 2: INDIVIDUAL SAMPLE PHOTOGRAPHS
To provide more in-depth and individual analyses, each pottery sample was also
photographed separate from its corresponding level, each shown in this appendix. Samples were
on loan from the Cincinnati Museum Center. Photographs taken by Shelby Lutz (2020).
Unit 27 Samples
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Unit 35 Samples
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APPENDIX 3: PETROGRAPHY DATA
This appendix provides the raw point count data collected on each of the 40 sherds sampled for petrographic analysis.
Unit 27 Samples
Pores

Unit 35 Samples
Pores
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APPENDIX 4: TEMPER FREQUENCY
This appendix provides histograms to show the temper frequency of collected petrographic data, in order to reveal the patterns and transitions
of temper composition over time between the archaeological levels of Units 27 and 35.
Unit 27 Samples
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Unit 35 Samples
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APPENDIX 5: SEM – EDS DATA
This appendix shows preliminary data collected through SEM – EDS methods, on samples 35.2.A66352, 35.4.A66229, and 35.4.A66233.
Sample 35.2.A66352

Sample 35.4.A66229
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Sample 35.4.A66233
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APPENDIX 6: X-RAY FLUORESCENCE SPECTROMETER DATA
Preliminary XRF data is presented in this appendix, with results from two samples,
sample 35.1.A68642 and 35.1.A68666.
Sample 35.1.A68642
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